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Decays of the lightest top squark
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We analyze higher order decay modes of the lightest top sdyarkthe minimal supersymmetriSUSY)
extension of the standard modéSSM), where the lightest SUSY particld SP) is assumed to be the
neutralinoxcl). For smalit; masses accessible at CERN LEP2 and the Fermilab Tevatron, we show that the
four-body decay mode into the LSP, a bottom quark and two massless feriﬁienb;(({f?, can dominate in
a wide range of the MSSM parameter space over the loop-induced decay into a charm quark and the LSP,
Tl—>cx2. This result might affect the experimental searches on this patrticle, since only the later signal has been
considered so far.

PACS numbeps): 14.80.Ly, 12.60.Jv

. INTRODUCTION quark decayst—t,x° [11], if kinematically allowed. With

. . . . the assumption that the branching ratio for the det
SupersymmetrigSUSY) theories, and in particular the —cyO isu 180'% a contour in ther:~ g_m :) lane has be%ﬁ
minimal supersymmetric extension of the standard model X1 ' T p. ) )
(MSSM) [1,2], predict the existence of a left- and right- excluded by the CDF Collaboration in a preliminary analysis

handed scalar partnér andf to each standard modeM) [12]. For instance, for a~neutral|no mass mt((l)~40 GeV,
fermion f. These current eigenstates mix to form the masshe maximum excluded; mass is m;, =120 GeV; for

eigenstates,; andf,. The search for these SUSY scalar smaller or Iargemxg values the bounds am; are lower. At

fermions is one of the main entries of the CERNe™ col- | Epo the lightest top squark is produced in pairs throsigh

lider LEP2 and Fermilab Tevatron agendas. At the Tevatronypannel photon andZ boson exchange diagrams™e™

the production cross sections of squarks are rather large since ~ o~ . . . .
theypare strongly interacting particéles and stringent b%unds,_’ v, 2=t [13].~Aga|n,0assum|ng a branching ratio of
m;=250 GeV[3,4], have been set on the masses of thel00% for the decay,—cx;, the LEP Collaborations have
scalar partners of the light quarks by the Collider Detector aset & lower boundof ni; =83 GeV([5] on the lightest top
Fermilab (CDF) and DO Collaborations. At LEP2, bounds squark mass, with the additional assumption that the amount
close to the kinematical limitsmj=80 GeV [3,5], have of missing energy is larger than 15 G¢V)|.

been set on the masses of the charged scalar Ieptons', while All these searches rely on the fact that the detay

the experimental bound on the mass of the sneutrinos is still, cx{ is largely dominan® However, there is another decay

rather low,n; =45 GeV([3]. _ . mode which is possible in the MSSM, even if the lightest top
The situation of the top squarks is rather special. Indeedsqyark is the next-to-lightest SUSY particle: the four-body

the two current top squark eigenstatgs and tr could decay into a bottom quark, the LSP and two massless fermi-

strongly mix[6] due to the largen, value which enters in the ons

nondiagonal element of the mass matrix. This leads to a mass

eigenstatef; possibly much lighter than the other squarks, T—bxdff. 2

and even lighter than the top quark itself. If the top squark _ ) _ ) )

is lighter than the top quark and the chargifend also This decay mode is me_d|ated by virtual top quark, _charglno,

lighter than the scalar leptohsthen the two-body decay Sbottom, slepton and first and/or second generation squark

modeg[7] into a top quark and the lightest neutraliivehich, ~ €xchangesee Fig. 1, and is of the same order of perturba-

in the MSSM with conserve® parity [8], is expected to be tion theory as the loop-induced dec'egy—>cX8, i.e.,0(a®).

the lightest SUSY particléLSP)] and into a bottom quark In principle, it can therefore compete with the latter decay

and the lightest chargino are kinematically forbidden at the

tree level. The mairt; decay channel is then expected to be

the loop-induced and flavor-changing decay into a charm recently the OPAL Collaboratiofi4] has set a stronger bound

quark and the lightest neutraliri6] of m; =87.2 GeV with a mass splitting between the top quark and
_ the LSP larger than 10 GeV.
ti— ng. (1) 2Some three-body decays of the top squark have also been con-

sidered[15]. At LEP2, for instance, the possibility of a light
At the Tevatron, a light scalar top squark can be producedneutrino leading to the kinematically accessible decay nigde
either directly in pairs through gluon-gluon fusion and _.p[% has been analyzed; in this case, a boundnpf=85 GeV
quark-antiquark annihilationgg/qq—t,t7 [10], or in top  [5] has been set on the lightest top squark mass.
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channel. Several estimates of the order of magnitude of thghe assumption that the decay mote-cy? is the main
decay rate of the process E(P) have been made in the gecay channel. AFORTRAN code calculating the partial
literature[9,16]. These estimates were based on the assumRgidths and branching ratios for this four-body decay mode
tion of the dominance of one of the contributing diagrams[17] will be made available, and the lengthy formulas for the
[the last diagram of Fig.(t) in Ref.[9] for instancé and on four-body decay width will be given elsewheli&7].

the assumption that the exchanged particles are much heavier The rest of the paper is organized as follows. In Sec. I,
than the decaying top squaltherefore working in the point- \ye introduce our notation and discuss the two-body decay

like limit to evaluate the amplitudésin _this case, the output . J4as of the top squarks, and in particular the decay of the
was”thatththet r(lllec(:jay ral[etee I]‘E?H(Z)I] IS _mdgengrgl muqht lightest top squark into charm and neutralino, paying special
smaller than the decay rate of Ine loop-inuced decay Into gyqiion to the cases where the decay rate can be suppressed.
charm quark and a neutralino, as one might expect since tr]% Sec. Ill, we analyze the four-body decay mode E2)

virtual particles were too heavy from the beginning. . . : . .
The purpose of this paper is to revisit the four-body dec:ayand make a detailed numerlca! comparison W'.th thg previous

Eq. (2) in light of the recent experimental limits on the decay channel. Some conclusions are then given in Sec. IV.

masses of the SUSY particles. We perform a complete cal-

culation of the decay process, taking into account all Feyn-

man diagrams and interference terms. We show that if the Il. THE TWO-BODY DECAYS

exchanged particles do not have an overly large virtuality

[i.e., that they are not much heavier than the decaying top In this section, we will first summarize the properties of

squarl this four-body decay can in fact dominate over thetop squarks, masses and mixing, and then discuss their tree-

loop-induced decay channel Efl) in large areas of the level two-body decays into neutralinos and top quarks and

MSSM parameter space. This result will therefore affect thecharginos and bottom quarks, as well as the loop-induced

present experimental lower bounds on Themass, since, as decay of the lightest top squark into a charm quark and the

discussed previously, this state has been searched for undaghtest neutralino.
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A. Squark masses and mixing (i) “Unconstrained” MSSM. We will assume for simplic-

As discussed previously, the left-handed and right-handelly @ cotmmonfsoft SllJ(SY b(;ealkintg scalardn;ass for the threed
squarks of the third generatidp andfx [the current eigen- generations of squarks and sleptons and for isospin up an

. ) ~ down type part|clesrrr =M= Mp =My and n;, =n,
stateg can strongly mix to form the mass eigenstatesnd =y [mg, =, andm~ nr by V|rtue of SU2) |nvar|-

Lz The mass matrices which determine the mixing are given Ancd. The spllttlng between dlfferent particles, and in par-
y ticular between the two top squarks, will then only be due to

m2 - the D terms and to the off-diagonal entries in the sfermion
2_| M MiAs tricegNote that in thi i t of th -
M2=| , 3) mass matricegNote that in lis case, in most of the param
f mA¢ mﬁR eter space, the top squark mixing angle is either close/2o

(no mixing or to * «/4 (maximal mixing for, respectively,
where, in terms of the soft SUSY-breaking scalar masges  small and large values of the off-diagonal ermnyNAt of the
and g, the trilinear couplingA¢, the Higgsino mass pa- matrix M%.] Furthermore, we will assume that the mixing
rameteru, and tan3=v/vp [the ratio of the vacuum ex- between different generations is absent at the tree [etlel

pectation values of the two-Higgs doublet figlds erwise the decay modg—ty® would have already occurred
) s 2 3 5 ) at this level.
Mg =mi+mz + (15— eSy)cos B Mz, (ii) Constrained MSSM. This is also known as the mini-
mal supergravity (MSUGRA) model, where the soft SUSY
M= mf+m;2 +e;s2,c0s 28 M2, breaking scalar masses, gaugino masses, and trilinear cou-

plings are universal at the grand unified the@BUT) scale.
_ 3 The left- and right-handed sfermion masses are then given in
At=A¢— u(tanp) ~?'s, (4)  terms of the gaugino mass parametey,, the universal sca-
lar massmg, the universal trilinear couplingd,, and tang.
with e; andlf as the electric charge and weak isospin of theFor the soft SUSY-breaking scalar masses, the parameter
sfermion T, respectively, andsW 1- c = sir‘f,. The and the trilinear couplings at the low energy scale, we will
mass matrices are diagonalized byx(2) rotation matrices use the approximate formulas for the one-loop renormaliza-
of angle ¢; as follows: tion group equations(RGE9 given in Ref. [18]. In
MSUGRA [in the small tarB regimg due to the running of
(”fl> N(?L) the (large) top Yukawa coupling, the two top squarks can be
=Rf much lighter than the other squarks and, in contrast with the
first two generations, one has a generically sizeable splitting

2 2
betvveenm; and m;_at the electroweak scale. Thus, even
L R

f, fr

- Cy Sy b
Rf:( f f) . cy=cost; and s,=sing;. without large mixingt; can be much lighter than the other
—Sg, Cg squarks in this scenario.
©)

The mixing angled; and the squark eigenstate masses are
then given by

f

B. Two-body decays

If the top squarks are heavy enough, their main decay
modes will be into top quarks and neutralinds—ty} [j

—mA, =1-4], and bottom quarks and charginos,
sin ;= ) Tiebxf [j=1-2]. The partial decay widths are given at
\/(me ) 24+ m?A? tree level by
2 2 ~ @ 2 2
mg, — g (T —tx%) =55 [(a}2+b}2)(m? —mZ—m’)
cos6 - (6) A Sy ' "
f= \/ i
(m? +mfAf
e —4albimm oeX]x”Z(m mZ,m o)
1
2 _
m; =5 [M7 +me® V(M ~mag 2+ 4nPATL. (D) XI(f—bx;)
(44
In our analysis, we will take into account the mixing not only — [(It 2+ kt 2)(mé m: —mg— m)z(_+)
in the top squark sector, where it is very important because 4m; ' !
of the large value ofn;, but also in the sbottom and stau
sectors, where it might be significant for large values of the 4I kt mym, +])\1’2(n‘r mb m +) €]
parameterg. and tan3. Furthermore, we will concentrate on
two scenarios to illustrate our numerical results. where A (x,y,z) =x2+y2+ 72— 2(xy+xz+y2z) is the usual
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two-body phase space function a@gj is the sign of the

eigenvalue of the neutraling?. The couplingsaﬂ_j'Rj and
'Lj]Rj for the neutral decay are given by

t

ay B MmN, {Sﬂt} . | C(’t} by
Rl e e — i -
) " amgsing (o] "] =5 (b}
_ MmN Sl R (9)
V2Mysing | =ss] ¢y
with
2 1 2 1
fL=V2sw 3 Nj + §—§S\2N)m 1‘12}
2 2 Sy
fri=— V25w =N/ — = 2N/, |, 10
Rj \/—W3 j1 3CW j2 ( )

while the couplingd|; g; andk; g; for the charged decay
mode are given by
| C }

{ ~Se,
t
1 mV,

[ \/EMWsin,B

1t

t
ki m, Uj» b

g ] :\/EMWCOS,B

ol -l

In these equation$y andU/V are the diagonalizing matrices
for the neutralino and chargino stafd®] with

—Cy, Sp,
11
Sp, Co,

Nj,l:CWle+SWNj21 NjIZZ_SWle‘FC\Nsz. (12)

If these modes are not kinematically accessible, the lightyqte also thath |
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2

m o

~ o X
Ft—oex))=gm| 1= — | [ful?le?, (13

t

wheref | 4 is given by
2
fLi=2sy §(CWN11+ SwN12)
I

2 35"") CwSw (14

ande denotes the amount 6f x—¢, mixing and is given by

(9]

A Cy—AgSy,
€E=——> 5 (15)
oLty
with
a Aur| ViVeom; 2 2
AL: 2! 2 2 (ma +mB +mal+A§)
4mwsg, \ My, [ 2MGcogpg 4 PR
a Aur| ViHVesmp
Ag=—7y : . mA, . (16)
4msg, | MG | 2M,cos B

Assuming proper electroweak symmetry breaking, the Higgs
scalar massny, can be written in terms gf, tangB, and the

pseudoscalar Higgs boson madds as
M, =M sin? B—cos 28M{,— p”. (17)

and Ai are suppressed by the Cabibbo-

est top squark can decay into a charm quark and the Iighteﬂobayashi—MaskawaiCKM) matrix elementV_,~0.05 and

neutralino. This decay mode is mediated by one-loop vertex,
diagrams, as well as squark and quark self-energy diagrams;

bottom squarks, charginos, chargétand Higgs bosons are
running in the loops. The flavor transition—c occurs
through the charged currents. Adding the various contribu

tions, a divergence is left out which must be subtracted b)?
adding a counterterm to the scalar self-mass diagrams. |

Ref. [9], work is carried out in the minimal supergravity

e (running b quark mass squarerd§~(3 GeVY, but are

very strongly enhanced by the term kg /M%) which is

close to~65 for Agyr=2x10'® GeV. Let us now discuss

the various scenarios in which the decay rate B@) is
mall.

(i) First, and as discussed previously, the large logarithm

I?](AéUT/M\ZN)~65 appears only because the choice of the

framework where the squark masses are unified at the Guﬁe_normalization condition is made at the GUT scale. This

scale. The divergence is then subtracted using a soft cou
terterm at Agyr, generating a large residual logarithm
log(AZ,/M3) in the amplitude when the renormalization is
performed. This logarithm gives the leading contribution to
thet;—cy? amplitude®

Neglecting the nonleadin@onstank terms as well as the
charm-quark mass, the partial width of the de€ay-cy? is
given by

3In fact, this contribution is due to the top-squark-charm mixing

fnight be justified in the framework of the MSUGRA model,

but in a general MSSM where the squark masses are not
unified at some very high scale such &gy, one could
chose a low energy counterterm; in this case no large loga-
rithm would appear. In fact, one could have simply made the
renormalization in the modified minimal subtracti¢MS)
[or dimensional reductiolfDR)] scheme, where the diver-
gence is simply subtracted, and we would have been left only
with the (very smal) subleading terms.

(i) If the lightest top squark is a pure right-handed sfate
situation which is in fact favored by the stringent constrains
[20] from high-precision electroweak data, and in particular

induced at the one-loop level, which can be obtained by solving thérom thep parameter; see Ref21] for instancé, there is no

renormalization group equations in MSUGRA.

mixing in the top squark sector, and teeterm in Eq.(15)
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involves only theAg component. For moderate values of the =120 GeV has a much larger virtuality than tké boson
trilinear couplingA,,, this component can be made small contribution. Since the other exchanged particles are the
enough to suppress the decay rﬁ(&l—mxg). In addition, same, theH = contribution is much smaller than th& con-
the charm squark mass can be made different from the lightribution. In addition, the contributions are suppressed by the
est top squark mass and taken to be very large. There will beery tiny Yukawa couplings of thel * bosons to leptons and
then a further strong suppression from the denominator oight quarks, except in the case of the' v coupling, which
Eg. (15) (in fact this situation occurs also in the MSUGRA can be enhanced for large tarvalues. However, in this case
model, since of the running of the top-quark Yukawa cou-the decay WidthF(Tl—>cX(f) [which grows as 1/cdg] is
pling tr can be much lighter than, , especially for large also strongly enhanced. Therefore, these contributions can be
values of the parameten,; see Ref[18]). safely neglected in most of the parameter space.

(iii) Even in the case of mixing, for a given choice of the
MSSM parameters, large cancellations can occur between The squark exchange diagrams in Figs. 1(a) and Fig. 1(c)
the various terms in the numerator of H45). Indeed, for

some values of the soft SUSY-breaking scalar masses and ' 9eneral, the diagrams of Fig(c) give very small con-

trilinear couplingAy,, the two termsA, g weighted by the tributions fort, masses of the order of 100 GeV, since the
sine and cosine of the mixing angle might cancel each otheffirst and second generation squarks are expected to be much
this would happen for a value of, such that tam, heavier, (=250 GeV), and their virtuality is therefore
~A,/Ag. In addition, the coefficient, in Eq. (14), which  too large. For much larger; masses, the two-body decay
summarizes the gaugino-Higgsino texture of the lightest neuchannelt;—by; (or one of the three-body decay moyles
tralino might also be very small. In fact, as can be seen, thjill be in general open and will largely dominate the rate.
parameter involves only the gaugino componeNis and  The shottom contribution in Fig.(d) is also very small, if
Ny,; if the neutralinoy] is Higgsino-like, these two compo-  the mixing in the sbottom sector is neglected and the Teva-
nents are very small, leading to a very small valueffor tron boundm; =250 GeV appliegthis bound is valid only
Thus, there are many situations in which the decay ratéf bottom squarks are approximately degenerate with first
F(T1—>CX2) might be very small, opening the possibility for and second generation squarks; in the general case the ex-
the four-body decay mode to dominate. We will now turn perimental bound5] is lowen. For large values of tag,

our attention to this topic. which would lead to a strong mixing in the sbottom sector
with a rather lightb;, the decay widtht;—cy} becomes
lll. THE FOUR-BODY DECAY MODE very large as discussed previously, leaving little chance for

A. Analytical results the four-body decay mode to occur.

The four-body decay modg —bff’, which occurs for Top quark exchange diagrams Fig. 1(a)
top squark masses larger tham, +m o proceeds through The contribution of the diagram with an exchanged top

several diagrams as shown in Fig. 1. First there areWthe quark is only important if the top squark mass is of the order
boson exchange diagrams with a virtual top quark, bottonyf m, + m,0 and thereforem; =0(250 GeV), with the pro-
squark or the two charginos stafdsg. 1(a)]. A similar set i N i L o~

of diagrams is obtained by replacing tN& boson by the ViSO that(i) the lightest cflarglno must be heavier thtgrfor
charged Higgs bosor * [Fig. 1(b)]. A third type of diagram  the two-body decay mode —by; to be kinematically for-

consists of up aflld dor:/vn &ype il(e)%ton or first and secon@idden, and(ii) the t; mass must be smaller tham, o
generation squark exchangeésg. 1(c)]. ) ~

We have calculated the amplitude squared of the decay Mw to forbid the three body decay—bxjW. Ion mode+ls
mode, taking into account all these diagrams and interferWith gaugino mass unificatioM;~M,/2, the x; andx;
ences. The complete expressions are too lengthy and will p@asses are related in such a way that the above conditions
given elsewherd17]. We have taken into account the (v_wth a not too virtual top quapkare fullfiled pnly in a mar-
quark masgwhich might be important for nearly degenerate ginal area of the parameter space. Thus this contribution can
top squark and LSP massemd the full mixing in the third IS0 be neglected.
generation sector. We have then integrated the amplitude
squared over the four-body phase space using the Monte-
Carlo routine Ramb@22] to obtain the partial decay width.

Let us summarize the main features of the result.

Slepton exchange diagrams Fig. 1(c)

In contrast to squarks, slept¢and especially sneutrifo
exchange diagrams might give substantial contributions,
since sleptons masses 0100 GeV) are still experimen-
tally allowed. In fact, when the difference between the light-

These diagrams do not give rise to large contributions foest top squark, the lightest chargino, and the slepton masses
two reasons. First, because of the relation in the MSSM beis not large, the diagrams in Fig(c) will give the dominant
tween the charged and pseudoscalar Higgs boson massesntribution to the four-body decay mode, with a rate possi-

M|2_|t:M,2L\+ Mg, and the experimental boundM,  bly much larger than the rate for the loop induced detay
=90 GeV, the charged Higgs boson with a massvif- —>cX(1’, for small enough values of tgh

The charged Higgs boson exchange diagrams [Fig. 1(b)]
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Chargino exchange diagram Fig. 1(a) 6
o__ 8Nce T2rm2 (OR)2
AP =g 52 gz (11T (O)*(Po: Pr)(Pyg-Pr)
The most significant contributions to the four-body decay WEW= X
mode will come in general from this diagram, when the vir- L ~R
tuality of the chargino is not too large. In particular, for an — €4,M oM, +O1,075((Ps- P17 ) (P~ Py })
exchangedy; with a mass not much larger than the experi- _
mental lower boundn,+=95 GeV, [but with m,<m,o (Pt Py ) (Po-P1) (Po- Pr)(Py; - Prr))
+ M,y to forbid the three-body decay magéhe decay width + (o'il)Z(zthl). pf)(pr . pf’)(pr' Pp)

can be substantial even for top squark masses of the order of

80 GeV. =P (P2 PO(Po-Pr)) ], (20

Thus, a good approximatiofespecially for a light top
squarkm;l~0(100 GeV)| is to take into account only the
lightest chargino and slepton exchange contributions. 'Q:ouplingsoflR of
terms of the momenta of the various particles involved in the
procesdall momenta are outgoing, except for the momen-

with N. as the color factor and the chargino-neutralifo-

tum of the decaying top squark, which is ingojramd defin- ob,=— V_12N14+ VN1, O§1:U_12N13+ UyiNyo.
ing the propagators @8y =p%—MZ%, the amplitude squared V2 V2

for the charged slepton and sneutrino contributions is given

(21

by the following, in whichmxg is the physical LSP mass and

€

X1 is the sign of the eigenvalue of the neutrali)a&

4€b -
IAT|2=62—D3mi;a?(Un)z(lil)z(pu P, (Po-P,)
W Xl* I
6
7 2
SWDXIDVL
X(P1Py) = (Py)2(Po P

496('31)2U 11V113,8

6 2
swD73 Dj, D
oI g

EX]_mX({mXI[( Pp- pv)

If the W boson in the virtual chargino diagram decays lep-
tonically, one has to also take into account the interference
between the chargino and slepton exchange diagrams. As-
suming again no mixing in the charged slepton sector which
means that only left-handed sleptons contribute, the interfer-
ence term is given by

+4e5(11)?Vya,

1 *1=— L . .
(V1)1 (p, PO 2(Py: Py RAAGAT] SWD;DWDZL[?Ou[Z(pb P )Py P
1

X(Py P, = (P PP (P PR
+ €4,My: MEOTY (Py- P (P - Py)

_(pb pv)(pr pl)_(pb pxI)(pv pl)]]

X(Pr-Py) = (Po PPy Py; )+ (Po Py ) (Py- P, 4e5(11)%a,Uy, o 2m O (o)
—————m [ — + .
(18) s52D%, DDy, xp TIRERTEY
1
where we have taken into account only the exchange of the X(pyo-p)+ fxlmx‘l’OH(Pb' P.)(Pys - P1)

lightest chargino, and neglected the mixing in the charged

slepton sector, which is in general not too large for small +(Po- Py )Py P~ (Po- PPy, - Py -

values of tarB. In terms of the elements of the matrices

diagonalizing the chargino and neutralino mass matrices, the (22
couplingsa; andl}, read Note that if the exchanged/ bosons and sleptons are real
[i.e., for t; masses larger tham,+ ngJr m, and/or nyy
T m, +m,, respectively, the three-body decay channels
111=—CpV11t8sYiVio, Y=, +,,0 7 7 s situati
t t V2Myysing —bW"x? andt;—blT’ open up. This situation can be

NlZ
ar=—V2e;Nysy—2(15- efS\ZN)a-

Taking into account only the contribution of the lightest

handled by including the total widths of th& boson and

sleptons in their respective propagators. In the numerical
analysis though, we will concentrate only on the kinematical
(19 regions where th&V boson and sleptons are off mass shell.

B. Numerical results

chargino, the amplitude squared for the chargino exchange For the numerical results, where we include the contribu-

diagram is given by

tions of all diagrams, not only the dominant chargino and
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FIG. 3. The branching ratiB(PlebX(l)f?) as a function of the
top squark massT;, for a scalar massi;=400 GeV and a gaugino
massM,, of 120 (a) and 200 GeMb).

FIG. 2. The branching ratiB(t,;— bng?) as a function of the
common squark magsy for a scalar top quark maslsrtl=80 (@
and 150 GeM\b).

slepton exchange diagrams discussed above, we first show $#eptons to the decay will be extremely small especially for
Figs. 2 and 3 the branching ratios for the four-body decayhe smalim;, values. One sees that even for a rather light top
modeB(t;—byx%ff’) in the unconstrained MSSM scenario, squark,m;, =80 GeV[Fig. 2@)], the branching ratio can be
with a common squark mass; . For the gaugino sector, we largely dominating. Fop. =300 GeV, it is already the case
have chosen taf=2.5, a gaugino mass parametdt, for values ofmg close to~200 GeV, which is needed to
=120 GeV|[Figs. 4a) and 3a)], 200 GeV[Figs. 4b) and keep the masses of the first and second generation squarks
3(b)], and three values of the paramejer=300, 450, and larger than the present experimental lower bound. For larger
700 GeV. This leads to the lightest chargino and neutralinang values, the branching ratio becomes very close to one.
masses shown in Table [; these values allow for charginofor the valueu=450 GeV, the branching ratio drops to the
x1 Wwith a virtuality that is not too large, but still heavy level of 10-20 %; due mainly to the positive interference
enough to comply with the available experimental boundsgenerated by the soft scalar mass squmﬁq~—ﬂz [EqQ.

even for the choiceM,=120 GeV. The trilinear coupling
A, is varied to fixm;1 to a constant value, while the coupling

Ay is fixed to Ay=—100 GeV. For the additional param- TABLE I. x9 andx; masses for tag=2.5 and the choices of

eters which enter thé;—cy} amplitude, we will take the M, andu parameters of Figs. 2 and 3. All parameters and masses
following for the entire numerical analysis, i.e., also for theare in GeV.
other figuresM ,=500 GeV(except in the MSUGRA sce-

(17)] which enhances the decay réfte~t1—>cx(1’), but is also

nario discussed later, wheid , is given by the RGE’s v, M, M m,o m,

V¢p=0.05my"=3 GeV; and the cut-off\, which will be

taken to be the GUT scalkgyr=2% 10 GeV. 80 120 435000 553062 122
In Fig. 2, the branching ratiB(T1—>bx(1)ff’) is shown as 700 55:4 112

a function of the soft SUSY-breaking scalar maggsfor two 15 200 300 87.8 163

values of the lighter top squark masg =80 GeV [Fig. 450 918 181

2(a)] and 150 Ge\fFig. 2(b)]. The common slepton mass is 700 93.8 190

taken to bem;~200 GeV so that the contribution of the
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1 1 T T =,
0.95 -
0.8}
09 m1/2 = 145 GeV
0.85 - mie = 150 GeV ——
i 0.6 m1/2 =155GeV --.... |
0.8 - —
| i BR(}; — bxdff
~ = 0.4 — —
07 BR(H — bx3Ff) mg=300Gev — (ts = bx1f f)
mg = 500 GeV — (b)p>0
065 -  (b) p =300 Gev mg =800 GeV ---- 03 |
0.6 L mz, = 80 GeV | : .
0.55 |- M5 [GeV} oL T . . . . | M [GeV]
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) s 0 _ FIG. 5. The branching ratiB(t,— bX(jf?) as a function of top
FIG. 4. The branching ratiB(t;—by;ff’) as a function of the  squark massn;, in the MSUGRA scenario foru<0 (a) and
sneutrino massm; for a scalar top quark mass; =80 and two w>0 (b).

values ofu=700 GeV(a) and 300 GeMUb).
As can be seen, the branching ratio is very small in the lower

due to the fact that the exchanged chargino, which gives thEzOp squark mass range where the virtuality of the exchanged
' chargino is rather large, and increases with increasiplgo

largest contribution to the four-body decay channel, is |
heavier than in the previous case so that its large virtualitf€ach values close to unity near e ~m;+m, + threshold
suppresses the four-body decay mode. For the value \yhere the two-body decay modg—by; opens up.(Of
=700 GeV, the interference can be either positive or negagoyrse, beyond this threshold, the loop induced decay be-
tive, and in the margim;~300-400 GeV, the decay,  comes irrelevant and we stopped the curves at these values.
—bx3ff’ dominates over the loop-induced dedgy-cy;  Note that even for the small values; ~80 GeV [Fig.
in spite of the even larger virtuality of the chargino. 3(a)], the branching ratio for the four-body decay made
For a heaviet, state,n =150 GeV[Fig. 2b)], and for b, 9§ can reach the level of 90%. Since top squarks with
the valueM,=200 GeV (leading to heavier charginos and these mass values have been experimentally ruled out by
neutralino$ and the same: values as above, the branching LEP2(and possibly Tevatrorsearches under the assumption
ratio B(t;— by ff’) is larger than 95% for almost all values that they decay most of time into charm quarks and the light-
of the parametent;. This is first due to the fact that the €st neutralinos, the searches at LEP2 have to be reconsidered
phase space is more favorable in this case, i.e., the virtualitiy light of the possible dominance of the four-body decay
of the chargino is relatively smaller, and also due to the facthode.
that for this particular choice of the lightest top squark mass, In the previous figures, sleptons were too heavy to con-
the parametee in Eq. (15) which governs the magnitude of tribute substantially to the decay rate—by ff’ since we
the decay ratd’(t;—cx?) is suppressed, i.e., the mixing assumed the common slepton mass to bg=ny
angle is such that there is a partial cancellation between the 200 GeV. In Fig. 4, we relax the assumption=myg and
two terms in the numerator of E¢L5). show the branching ratiB(Tl—>bX‘1)ff’) as a function of the
Figure 3 shows the branching raﬂg{flﬁbngF) as a Sneutrino massm, (the masses of the other slepton are
function of the lightest top squark mass for a fixed value ofthen fixed and are of the same ordéor n =80 GeV,
the common squark and slepton masg=n;=400 GeV, =300 GeV[Fig. 4a] and 700 Ge\Fig. 4b)] and three
and for the same parameters @nu, andM; as in Fig. 2. values of the common soft scalar quark mags= 300, 500,
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and 800 GeV. As can be seen, the contribution of sleptonef the minimal supersymmetric extention of the standard
can substantially enhance the four-body decay branching fanhodel, where the neutralirpp‘l’ is expected to be the lightest
relatively small masses correspondingmg=<120 GeV in  SUSY particle. Although we have evaluated the partial decay
this case. For larger sneutrino masses, the sleptons becomddth, taking into account all the contributing diagrams and
too virtual and we are left only with the contribution of the their interferences, we have singled out those which give the
lightest chargino discussed previously and which is constardominant contributions.

in this case. _ For smalit, masses accessible at LEP2 and the Tevatron,
Finally, let us turn to the case of the MSUGRA scenario.e have shown that this four-body decay mode can dominate
The branching ratio of the decay—byx}ff’ for a light top  over the loop-induced decay into a charm quark and the LSP,
squarkmy ~70-130 GeV is shown in Fig. 5 as a function of T, _,¢,%, if charginos and sleptons have masses not too
i, for tang=2.5, «>0 [Fig. 5@] andu<0 [Fig. 5b)]  much larger than their present experimental bounds. This
and several choices of the value of the gaugino mass parariolds in the case of both the “unconstrained” and con-
eter my,~0.8M,. Again, the choice ofm,, leads to strained (MSUGRA) MSSM.
Chargino masses not too much |arger than the allowed ex- This result will affect the eXperimental searches of the

perimental boundsn,: <140 GeV; in fact in this scenario, lightest top squark at LEP2 and at the Tevatron, since only

. , . }he charm plus lightest neutralino signal has been considered
u is always large and the neutralinos and charginos are al-

g L . . so far in these experiments. However, the topology of the
most bino- and wino-like, with Masses), g M2/2 and four-body decay is similar to the ones of the three-body de-

m,-~M,. Again, one sees tha(t,—bx3ff’) can be very cay modet,—bil’ (for final state leptons which has been
large, in some cases exceeding the 50% level, even for vasearched for at LEPE5], and of the two-body decay mode
ues rrrg1~80 GeV, which are experimentally excluded by t1—>b)(1+ which has been looked for at the Tevatr®].

the negative search of thig—cy® signatureif this decay The Extension_of the experimental searches to the decay
channel dominates. modet;— bx‘fff’ should thus be straightforward.
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